The abundance of iron y log iV(Fe), on the scale log Ar(H) = i2'00 to find the ratio NJN g . The abundance can then be derived from the values of N g ¡N e in either of two ways. The ratio NJN g has been calculated by other authors using the theoretical cross-sections and an assumed value of the electron density N e . Therefore, as NJN g has been found by a different method, the electron density, N e , can be calculated.
The forbidden lines
(a) The determination of NJN e . The intensity of a forbidden line of a coronal ion is measured as the equivalent width in terms of the background continuous emission due to electron scattering. For optically thin conditions, as in the solar corona, the emission at any point, per cm 3 in all directions, in a forbidden line is given by A vX N u hv where N u is the number density of the upper level, and is the transition probability for emission.
The continuous emission, in all directions, due to electron scattering is given by ^aD{r)F{X)N e where the dilution factor is D(r)=\\i -(1 -r _2 ) 1/2 ], and r is the radial distance from the centre of the Sun measured in solar radii; <7 = 6-65 x io~2 5 cm 2 is the cross-section for electron scattering and F(X) is the mean solar emission (erg/cm 2 /sterad/Â) as tabulated by Allen ( 10) .
The equivalent width, W(r), at radial distance r, is given by W(r)= -(r) -■ -.
W N e y D(r)F(X)(j (i)
There are two minor corrections which should be made to the value of NJN e as calculated from the observed equivalent width, according to van de Hulst (n).
(i) at heights between 5 000 km and 70000 km about 91% of the continuous emission is formed by electron scattering. The observed equivalent widths have therefore been increased by 9%.
(ii) The equivalent width, W(r), refers to the emission per cm 3 at radial distance r, but the observed equivalent width, W(p), refers to the emission per cm 2 at projected radial distance p, after integration along the line of sight. JV(p) will be smaller than W(r) at p = r, as TV generally decreases with increasing r, and the relation between the two values is given by
where H is the scale height. The values of the scale heights used will be discussed in the following section. {b) Observational data. The observational data for the forbidden lines have been chosen bearing in mind that they should refer to the same region of the solar atmosphere as that in which the permitted lines are found. The observed intensities of the permitted lines in the far ultra-violet part of the spectrum include emission integrated over the disk and along the line of sight. If the transition region, from the chromosphere to the corona, is below a height of 4 000 km above No. 4, 1966 The abundance of iron in the solar corona 517 the photosphere, then the permitted lines will be formed at heights at about 5 000 km and above. (14) observations, the scale height of the Fe XIV line, for heights above 17 000 km is about 30 000 km. This value will also be used for the Fe XV line. The scale height of the continuous emission at the 1952 eclipse was about 70000 km according to the observations of Athay et ah (15) . It is assumed that the same value of the scale height of the continuous emission can be used with Petri's observations. Table II gives the spectroscopic data for the forbidden lines, the values of the equivalent widths, and the calculated values of NJN e including the corrections discussed in section 2 (a). 
where is the excitation energy in electron volts, ^ is the oscillator strength, and P is an integral of the gaunt factor, given by Van Regemorter as a function of Wij/kT^ A more recent expression by Burgess (17) increases the rates by about a factor of 1*5.
The ionization ratio iV(Z +w+1 )/iV(X +w ) has been calculated for each ion using the following ionization rate coefficient and recombination coefficient. The ionization rate coefficient is that given by Burgess & Seaton (18) ,
where n is the principle quantum number of the outer electrons of X +m \^m{n, l)
is the number of electrons with quantum numbers rc, /; I m {n, l) is the corresponding ionization potential in electron volts. The radiative recombination rate coefficient, also from Burgess & Seaton, is
and for di-electronic recombination the general formula of Burgess (19) has been used, ~wr has its maximum value, (Pottasch 20) . Because this function falls steeply away from its maximum value, it can be assumed that 70% of the observed line intensity is formed in the region where T e = the temperature at g(T) mQjX . In the cases to be considered, the relative collisional excitation rate coefficients for lines within a given multiplet, depend only on the relative /-values of the upward transitions, as the difference in the term JT" 1 . io" 5040Tf/27 P equation (2), for lines within a multiplet, may be neglected. From a given excited level, electrons will return to the levels of the ground term in proportion
No. 4, 1966 The abundance of iron in the solar corona 519
to the emission oscillator strengths. Thus in the following calculations in which the intensity of two lines within a given multiplet is compared, only the relative values of the oscillator strengths need be known. (27) . For other ions the relative/-values in LS-coupling have been found using the tables of relative line strengths given by Allen (10). The relative intensities of the lines of Fe X, XI and XIV observed in the laboratory sources used for the work on classifications, are in general accordance with those expected in LS-coupling.
The identifications, intensities and /-values relevant to the following calculations are given in Table III. (c) The calculations of NJN g . Consider an ion with at least two levels in the ground term : Let N g be the number density of the ground level ; let N u be the number density of an excited level of the ground term ; let and be the number densities of two levels of an excited term. In coronal conditions, the important processes contributing to the formation of permitted lines between two terms are : (i) Collisional excitation by electrons from the ground level, g, followed by a radiative transition.
(ii) Collisional excitation from the excited level, u, followed by a radiative transition. According to Seaton (28) , excitation by proton impact is important only for populating the excited levels of the ground term. Recombination followed by cascade can be shown to be negligible.
If two lines within a multiplet are observed, one of which may be excited from the two levels of the ground terms u and g 9 and the other from only one level of the ground term, then the population of the excited level of the ground term can be determined. (5) and (6) that N( 2 P s!2 )IN g =0*17 and from (5) and (7), Ar( 2 P 3/2 )/iV^ = o-i2.
(ii) FeXIV 3s 2 3p 2 P° -3S3p 22 P. The method can be applied to multiplets for which AL = o, but in this case it will not give an accurate result because it involves the subtraction of two terms of similar size. 
1 , a value of N(^V 2 )¡Ng may be found. The values of NJNg calculated using mean intensities are given in Table  IV . The relative intensities of lines within a multiplet do not vary significantly between 1963 and 1964. The main source of error will be unsuspected blends, especially in weak lines.
4. The determination of abundance. The values of NJN e derived from the forbidden lines have been corrected for the integration over the line of sight, but still involve an integration of emission from heights above 5 000 km. However, the ultra-violet line intensities also include an integration over heights above about 5 000 km. It should, therefore, be valid to combine the values of NJN e and NJNg, to give a value of N g IN e for each ion. N(ion)IN g can be found from NJNg, so that iV(ion)/iV(H) may be calculated, assuming iV(H) = o*8iV e . The values of iV(ion)/iV(H) are given in Table IV .
If the corona is isothermal over the region in which the ions under consideration are formed, then to find the abundance iV(Fe)/iV(H), the values of the individual ion abundance can be simply added. Allowance must be made for ions that are unobserved but make a significant contribution. From Table IV The alternative approach is to consider each ion as being formed at the temperature where iV(ion)/iV(Fe) is a maximum. There is evidence from observations of the widths of forbidden lines (Billings 29) , that the Fe X and Fe XIV lines are formed in regions of different temperature. The values of iV(ion)/iV(Fe) have been calculated over the temperature range of interest. The value of iV(ion)/iV(H) for each ion can be combined with the value of iV(ion)/iV(Fe) at r max , to give the abundance iV(Fe)/W(H). The results, assuming that 70% of each ion is formed at T m8b x (see section 3 (a)) are given in Table IV . The mean value, giving the Fe XV result half weight as there is uncertainty in the intensity of If the corona is not isothermal the first method will tend to overestimate the abundance, and if the corona is isothermal the second method will tend to underestimate the abundance. Therefore the results of this investigation support the view that the abundance of iron in the solar corona is an order of magnitude greater than that found for the photosphere.
5. Excitation rates and the electron density. The processes populating an excited level of the ground term are as follows :
(i) , direct collisional excitation by electrons ; (ii), d by protons; (iii), collisional excitations to higher terms followed by cascade; (iv), radiative excitation by photospheric radiation. Recombination to the excited level, directly or to higher levels followed by cascade is negligible compared to the above processes, (i) The direct collisional transition rate coefficient is values have been used. The excitation potentials given in Table V for lines as yet unidentified are rough estimates by the present author.
(iv) The radiative excitation rate is given by A^A^Dir^e-WM-iy^coJoji) where r r =^6ooo 0 K.
The radiative de-excitation rate A U N W less de-excitation by the reverse of process (iii), which in most cases is negligible, can then be equated to the sum of the excitation processes. Then AylN u = A lu Ng + N e N g C totEil where the factor for de-excitation has been included in C total . If NJNg is known, then the electron density, N e , can be calculated. The calculations have been performed for Fe X, XI and XIV, and the excitation rates, /-values and values of N e are given in Table V .
Observations of the brightness of the corona at time of eclipse lead to electron densities between 2 x 10 8 cm~3 and 10 8 cm -3 , for heights of less than 10000 km. 
